Regulation of citB expression in Bacillus subtilis: integration of multiple metabolic signals in the citrate pool and by the general nitrogen regulatory system.
The tricarboxylic acid (TCA) cycle is one of the major routes of carbon catabolism in Bacillus subtilis. The syntheses of the enzymes performing the initial reactions of the cycle, citrate synthase, and aconitase, are synergistically repressed by rapidly metabolizable carbon sources and glutamine. This regulation involves the general transcription factor CcpA and the specific repressor CcpC. In this study, we analyzed the expression and intracellular localization of CcpC. The synthesis of citrate, the effector of CcpC, requires acetyl-CoA. This metabolite is located at a branching point in metabolism. It can be converted to acetate in overflow metabolism or to citrate. Manipulations of the fate of acetyl-CoA revealed that efficient citrate synthesis is required for the expression of the citB gene encoding aconitase and that control of the two pathways utilizing acetyl-CoA converges in the control of citrate synthesis for the induction of the TCA cycle. The citrate pool seems also to be controlled by arginine catabolism. The presence of arginine results in a severe CcpC-dependent repression of citB. In addition to regulators involved in sensing the carbon status of the cell, the pleiotropic nitrogen-related transcription factor, TnrA, activates citB transcription in the absence of glutamine.